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INTRODUCTION. 
This paper is offered with the hope of giving a quick and easy 
method for calculating from topographic and geologic measure- 
ments the thicknesses of strata, with a degree of accuracy suffi- 
cient for most geologic purposes. The principles underlying the 
proposed methods are rather complicated, but it is hoped that the 
explanatory diagrams will make the method virtually "fool- 
proof." A knowledge of trigonometry is not necessary; merely 
the ability to follow simple directions and to interpolate values on 
a logarithmic scale similar to that of a slide rule. 
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The writer wishes to acknowledge the very kind help which Mr. 
Herbert L. Seward, of the Mechanical Engineering department of 
the Sheffield Scientific Schoo!, gave in developing the nomograph. 
PURPOSE. 
Columnar Sections. 
Where the geologist is so fortunate as to find the strata, whose 
thickness he wishes to measure, cut at a very steep angle to the 
bedding l•lane, it is a very simple operation to get the desired ata 
by direct measurement. It often happens, however, that the sur- 
face of the ground over which the geologist must pass in measur- 
ing his section, is at a low angle to the bedding, and then direct 
measurement is difficult. Further troubles are caused by gaps 
in the outcrop, as is often 'the case where shales are interbedded 
with more resistant rocks. In this case it is impossible to measure 
bed by bed, and the geologist must calculate the thickness repre- 
sented by the gap from measurements of the direction and length 
of the traverse across t•hem, and the dip and strike of the Beds. 
This must also Be done in the case of massively bedded rocks; in 
all cases, in fact, where the bedding is not clearly visible. 
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'A concrete xample of the applicability of this method is given 
in the map, Fig. 2. 
The line ,4BCDEF represents a traverse down a spur, on the 
crest of which the strata are well exposed. On account of the 
lack of good exposure on the flanks of the spur, it is supposedly 
necessary to measure the stratigraphic column along the crest. 
Since in general the strike of the beds is not at right angles to the 
bearing of the traverse, the problem becomes complicated. How- 
eve r, if the bearings, inclinations and lengths of the various seg- 
ments of the traverse, and the changing strikes and dips of the 
strata are kept, it is comparatively simple, in the office, to reduce 
these data to thicknesses by means of the nomograph. This case 
is only one of the many cases in which the nomograph would be 
useful, but it is one of the most striking. 
In Mapping. 
Interest in this problem came to the writer as the result of .the 
converse of the above difficulties. A good columnar section of 
the beds surrounding a laccolith was at hand, but owing to a too 
brief field-season, certain boundaries were not recorded. Where 
one boundary of a formation was known as well as its thickness, 
strike and dip, and where it was possible from the contour map 
to get the slope of the ground, it was simple to get the mapping 
wid't(h of a given formation. By "mapping width" is meant the 
width of the horizontal projection of the outcrop of the formation. 
In Mine Measurements. 
In mines it is particularly difficult to get sections which are 
suitably oriented with respect to the workings to allow of direct 
measurement bed by bed. The geologist must follow the work- 
ings regardless of the angles at which they intersect. the strata. 
In this case the nomographic method of solving the trigonometric 
equations .forthe thickness in terms of strike, dip, and the meas- 
urements of the traverse, is particularly advantageous. This fol- 
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lows from the fact that where the section is measured in a vertical 
shaft or horizontal drift one or two of the steps of the calcula- 
tion are eliminated. 
ADVANTAGES. 
The chief adYantage of the nomographic method is in saving 
of time. As proof of this the following experiment was made. 
The writer who is moderately accustomed to the use of the log- 
arithmic slide rule, and rather more proficient in the use of log- 
arithmic tables, solved a series of six problems; first by the nomo- 
graph, and then by logarithms. These problems were made up 
at random. This was done before he became familiar with the 
chart. The average time by the first method was one minute and 
forty-four seconds, a saving of one minute and thirty-four seconds 
over the three minutes and eighteen seconds average time %y the 
logarithmic tat)les. 
A further advantage is that no attention need be paid to the 
formula, nor to the theory on which it depends. All the neces- 
sary information as regards the sequence of the various steps and 
the manner in which they are made is given on the key chart,. 
Fig. 5. Once the formula has be.en correctly derived, and prop- 
erly incorporated in the nomograph no further attention neect 
be paid it. In logarithmic calculation it is necessary to keep the 
formula at hand. 
In the latter portion of this article the accuracy of this method 
is discussed and is shown to be of the same order as that of the 
angular measurements. In short, it is accurate enough where 
the directions are measured by hand instruments, and the dis- 
tances are paced. 
ttow TI-IE NOMOGRAPI-I IS USED. 
The follow{ng rules for the use of the homograph are put as 
s{mply as possible, and w{th no attent{on to the theories on wh{ch 
they depend. The d{scussion of the theory of the homograph and 
the trigonometr{c processes by which the formula {s d, er{ved is 
left to a later portion of the art{cle. 
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The rules are also expressed in a graphic form in Fig. 5, and 
are again indicated by the broken lines on the homograph, Fig. 6. 
There are five principal steps. In addition there are a few 
rules for exceptional cases in which the various angles reach 
limiting values. 
Rules. 
t;irst.--By means of a'straight edge project a line from the 
point representing the angle of dip on the upper left-'hand scale 
to the point representing the slope on the upper right-hand scale. 
.Call the intersection of this line on the middle scale "m" and note 
its value. 
Second.--Project a line from the point representing the slope 
.on the upper left-hand scale to the point representing the angle 
between the traverse and the strike on the upper right-hand scale. 
Call its i•ersection on the middle scale "z" and note it down. 
Third.--Project a line from the point representing the value of 
"z" on the middle lower scale to the point representing the dip on 
the lower left-hand scale. Call its intersection on the second 
scale from the left "n" and note it down. 
Fourth.--Find R, which is equal to the sum of "rn" and "n" 
when the dip of the beds is against the slope, and which is equal 
to the difference of "m" and "n" when the beds dip with the 
slope. 
Fifth.--Project a line from the point representing R on the 
lower right-hand scale to the point representing the length of the 
traverse on the middle lower scale. Its intersection on the s•ond 
scale from the right is "t," the thickness of the strata crossed 
by the traverse. 
Decimal Points. 
In the first t'hree steps the decimal points are cared for by 
the marking of the scale, except where certain angles are rep- 
resented by dotted lines. In cases where these angles are used 
it is necessary to move the decimal point one place to the' 
left. The angles represented 'by these dotted lines occur in the 
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formula as trigonometric functions whose value is between o.• 
and o.o•. 
In the fifth step the decimal point is determined by inspec- 
tion. 
Special Cases. 
Under certain special conditions one or two of the steps may 
be omitted; as follows: 
"m."--The determination of "m" may be omitted in the fol- 
lowing cases: 
I. Where the surface on which the traverse is made is hori- 
zontal. 
2. Where the dip of the beds is vertical. 
"z" and "n."--The determination of "x" and "n" may be 
omitted in the following cases: 
I. Where the surface on which the traverse is made is vertical, 
as in mine shafts or on cliffs. 
2. Where the dip of the beds is horizontal. 
FIG. 
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3. Where the direction of the traverse is parallel to the strike 
of the beds. 
The reasons why these steps may be omitted are discussed in 
the section of the article on the theory. 
THEORY. 
Derivation of Formula. 
Explanation of Diagram.--The diagram, Fig. 3, represents a 
solid of three dimensions. The lines DE, AB, and JCK are 
parallel to the strike of the beds whose thickness is to be meas- 
ured; DE and JK represent respectively the lower and upper 
boundaries of the outcrop of the bed. The line DC represents 
the line along which the traverse is carried and its length e is the 
length of that portion of the traverse which crosses the bed. 
DEL and ABC are horizontal planes. AC is the projection of e 
on the plane .4BC. Then the angle # (angle ACD) is its inclina- 
tion from the horizontal, an.d the angle 4, (angle CAB) is the 
angle 'between the bearing of the traverse and the strike of the 
bed. The plane BCLFE is normal to the strike and passes 
through C, one end of the traverse. Then 0 (angle BCE or 
angle CEL) i• the projection of /• on the plane normal to the 
strike. The angle 8 (angle LEF) is the dip or inclination of the 
beds from the horizontal. The line CF, whose length is t, is the 
true or perpendicular thickness of the bed. 
The line DC on the diagram corresponds to the line DC on 
the map (Fig. 2). The lines AB, DE, and JK correspond to the 
unlettered strike lines on the map. 
The angle 4, is also represented by 4, on the map. The angle/• 
representing the steepness of slope is represented on the map by 
the number of contour lines crossed in travelling a unit of hori- 
zontal distance. 
Tri#onometric Ar#ument.--The. symbols used in the trigo- 
nometric reasoning have the following meanings: 
inclination of traverse from horizontal, 
angle 'between strike of' beds and bearing of traverse, 
SOLUTIONS OF STRATIGRAPHIC MEASUREMENTS. 21 
0 = projection of/• on the plane normal to the strike, 
•: dip of the strata, 
e --length of traverse, 
t: the unknown quantity representing the thickness of the 
beds. It is a function of/•, 4,, It, and e. The angle 0 is used only 
as a stepping stone to get the formula. 
AD/e -- sin /•, ( I ) 
AD =e.sin/•, (2) 
BE = CL • AD • e-sin/• ibeing parallel lines comprehended 
between two parallel planes), 
AC/e = cos/•, 
AC -- e.cos 
AB/AC -- cos 4,, 
. AB=AC'cos 4,=e.cos/•.cos 4,, 
DE • AB • e. cos/•'cos 4,, 
BC/AC•sin 4,, 
BC•AC.sin 4, -- e.cos/•.sin 4,. 
(3) 
(4) 
($) 
(6) 
(7) 
(9) 
(to) 
Then applying Pythagoras's theorem to the triangle CDE, 
= V' (e•--e•'cos • /•'cos • 4,) (t2) 
= e. V' ( t -- cos 2 #'cos • 4,). ( • 3) 
And in the triangle EBC, 
Sin O: BE/EC (•4) 
e. sin •5 
e. V' (x - cos 2 t•' cos 2 ½)' (xS) 
Similarly, 
Cos 0 = BC/EC = e. cos •5. sin 4 
e. v' (x - cos • tt- cos ' ,)' (•6) 
Now in the triangle CEF, 
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t/EC ---sin (15 -Jr- 0), 
t: EC.sin (15 4- 0), 
= EC. (sin 15. cos 0 -Jr- cos 15.sin 0). 
(•7) 
(•9) 
Then, substituting from equations x3, I5, and I6, and letting 
= ( • -- cos 2 #. cos 2 4'), 
t=e.1/kX(e.siniS.cosg.sin4' e- cos/5. in •8)(20) e. Vk + e. 
-- e.sin 15 - cos /•- sin 4' 4- e.cos 15.sin/• 
: e' (cos 15.sin fi 4- sin 15.cos fi.sin 4,). 
(2•) 
(22) 
This gives the simplest form of the complete formula. On 
account of the large number of independent variables, it is neces- 
sary, when a graphic method. is used, to solve this equaticm by 
several successive steps. The equation is 'broken up az fo•,a :.: 
Let m = sin/•-cos 15, (23) 
z: cos/•-sin 4', (24) 
n = z-sin 15 = cos/•'sin 4'.sin 15, (25) 
and R :m 4- n= sin/•-cos 15 4- cos 15.sin/•.sin 4'. (26) 
Then, t = e.R (27) 
=e.(m 4-n) (28) 
= e- (m 4- z.sin 15). (29) 
The foregoing discussion deals only with the case where the 
dip of the strata is against the slope. This is called Case I. 
There is a second case, Case II, in which the •eds dip with the 
slope, and this has two sub-cases. These are as follows: Sub- 
case A, where the dip of the beds is greater than the slope, and 
•Sub-case B, where dip of the beds is less than the slope. By 
"slope" is meant the inclination of the surface on which the 
traverse is made. The relations for these sub-cases are'shown 
in Fig. 4. , 
Let us consider Sub-case A. In the figure the line CE is iden- 
tical with CE of the diagram for Case I., and has the same value. 
Then: 
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t = e-X/( • --cos •'/•'cos •'4,)-sin (8--0). (30) 
Then letting K' = ( • -- cos •'/•. cos •' 4''), 
t--- e. VK' (sin •.cos 0-- cos •.sin 0) (3 • ) 
=e.1,/k'( e'sin•'cøsg'sinqø e.cos•-sing) e. - . (32) 
--- e.sin •.cos/•-sin 4' -- e'cos •.sin/• (33) 
-- e. (sin •.cos/•.sin 4,-- cos •.sin/•). (34) 
Then by substituting from equations 23 and 25, 
R=rn--n (35) 
and t -- e(m--n). (36) 
By a similar process the equation for the value of ,"t" ir• 
Sub-case B is found to be 
t=e(n--m). (37) 
The trigonometric s gnificance of these last two equations is 
ß 
the same, for "n" and "m" are factors dependent on sines and 
cosines, and these are numerically the same for plus and minus 
angles. Thus the following rule for either sub-case of Case II 
may 'be made. Rule' Where the beds dip with the slope let R 
equal the numerical difference between "m" and "n." 
Effect of Maximum and Minionurn Values of the •ln#les.-- 
Under the rules for the use of the nomograph given above, it 
was stated that the term "m" could be eliminated in cases where 
the traverse was made on a horizontal line or in horizontal drifts, 
or where the beds are vertical. This is because "m" is the prod- 
uct of the sine of the slope and the cosine of the dip. Since the 
sine of o ø equals zero, and the Cosine of 9 ø0 is likewise zero, the 
presence of either of these factors would eliminate the product. 
Similarly the statement hat the term "n" could be eliminated 
where the traverse is parallel to the strike depends on the follow- 
ing. The angle between the traverse and the strike enters in this 
case as a sine function, which would be zero, thus making the 
whole term zero. 
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The rule that "n" can be eliminated where the slope on which 
the traverse is made is vertical follows from the fact that the' slope 
enters the formula as a cosine. In this case zero is again intro- 
duced making the whole term zero. 
The rule that "n" can be eliminated where the dip of the beds 
is horizontal, follows from the fact that the dip enters the formula 
as a sine. In this case zero is again introduced making the whole 
term zero. 
Attention to the above will be called in the use of the nomo- 
graph, by the fact that these functions which would come in as 
zero are beyond the limits of the scale; they are in fact at infinity. 
'[ •et slope 
i. Set slope '• Re=d f•c•or 'm' Set 
Bet dip 
FIG. 5. 
Principle of the Logarithmic Straight-Line Nomograph. 
The logarithmic straight-line nom'ograph consists of three par- 
allel lines marked off into spaces of various sizes. The lengths of 
the spaces thus marked off are proportional to the mantissas of 
the logarithms of the numbers opposite their terminals. In the 
simplest case the marking is identical with that of a slide rule. In 
more complicated cases the markings are proportional to the loga- 
rithms of various functions, uch as the trigonometric functions 
of angles. 
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In multiplying by the slide rule distances proportional to the 
logarithms of factors are added, ar}d. opposite the end of the last 
distance is found the product of the numbers. In multiplying •by 
such straight-line nomographs as are here give•, a line is drawn or 
projected between the two points on the outer scales representing 
the two factors. This line cuts the middle scale at a point whose 
distance above the base ot[ this scale is half as much as the sum 
of the distances representing the factors. Now if the middle scale 
is also a logarithmic scale but with its unit length half that of the 
outer scales, the intersection point will indicate the product of the 
two factors. 
In the chart, Fig. 6, the right-hand scale of the upper row is 
made with its a'bscissas proportional to the logarithms of the sines 
of angles from Iø to 9 oø. The left-hand scale in this row is 
made with its abscissas proportional to the logarithms of the co- 
sines of angles from o ø to 89 ø, inclusive. The fact that sin •/- 
cos (9oø--•/) is brought out by the fact that the height of any 
angle on one scale is the same as the height of its complementary 
angle on the other scale. 
The middle scale of the top row is made with its divisions pro- 
portional to one-half of the logarithms of various numbers so that 
intersections on it give the products of sines multiplied by cosines. 
The decimal points in the index figures are correct for the 
products. 
The left-hand scale in the lower row is similar to the right-hand 
scale of the upper row, its abscissas being made proportional to 
logarithmic sines. 
The middle scale in the lower row is made with its abscissas 
proportional to the logarithms of numbers. 
The second scale from the left in the lower row is made with its 
abscissas proportional to one-half of the logarithms of numbers, 
so that intersections on it give the product of a number taken on 
the middle scale and a sine taken on the left-hand scale. 
The right-hand scale on the lower row is similar to the middle 
scale on this row so that its, abscissas are proportional to loga- 
rithms of numbers. 
.ol 
Fzo. 6. 
:--- 
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The second scale from the right is like the second scale from the 
left (and also like the middle upper scale). Intersections on it 
give the product of the numbers taken on the right-hand and on 
the center scales. 
.4ccuracy. 
In order to test the accuracy of the method half a dozen prob- 
lems were taken at random and worked out both by the nomo- 
graph and by logarithms. All of these problems come under ,Case 
I., the dip being against the slope. The results are tabulated 
below. 
The hypothesis was made that the logarithmic calculations were 
perfectly accurate and the homographic calculations were com- 
pared with these in order to determine he 't•8'or. Disregarding 
the plus and minus character of the various errors their mean is 
o.75 per cent. The error is less than the allowable rror in pacing 
or in taking angular measurements with hand instruments. 
Problem No. 
Dip of beds ....... 
Slope of traverse.. 
Angle •5 .......... 
Thickness: 
By chart ....... 
By logs ......... 
Error ........... 
Per Cent. Error ,.. 
i 
i6 ø 
io ø 
5 ø0 
565 ft. 
•. •. •. ft. 
22I ft. 
øc I ft. 
+.5 • 
59 ø 
15 ø 
80 ø 
428 ft. 
403' ft. 
406 ft. 
-- 3ft. 
--.7 • 
48o 
12 o. 
79 ø 
27 ft. 
22.2 ft. 
22.2 ft. 
0.0 ft. 
0.0 ?• 
4 
33 ø 
24 ø 
85 ø 
1,9.83 ft. 
x,o77 ft. 
I,O74 ft. 
4- 3 ft. 
+.3 5• 
49. ø 
30 ø 
83 ø 
764 ft. 
669 ft. 
678 ft. 
-- 9 ft. 
80 ø 
17 ø 
30 ø 
88 ft. 
45.x ft. 
45.9 ft. 
-- .8 ft. 
-•.7 • 
A great opportunity for error comes in with the logarithmic 
method as it is very easy to miscopy the figures from the tables, 
and it is also easy to make a mistake in adding the logarithms 
together. An error of one unit, if it occurs in the first place ,of 
the characteristic, may throw 'the answer out by as much as ten 
per cent. 
Sources of Error. 
Sources of error in the nomographic method are of two prin- 
cipal sorts; namely, those inherent in the diagram, and those due 
to inaccuracies on the part of the user. They may be tabulated 
as follows' 
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,4. Inherent errors. 
•. The divisions of the scales may be faulty due to, 
(a) Carelessness of the draughtsman. 
(b) Inevitable close grouping of values as at the top 
of the sine and cosine scales, where a difference 
of five degrees is represented by a very short 
distance. Here it is impossible to plot indi- 
vidual degrees unless the whole chart is made 
very large. 
(c) Reproduction by photographic processes may in- 
troduce errors in spacing. due to the foreshort- 
ening effect of lenses whose field is not per- 
fectly flat. 
2. The spacing of the scales relative to one another may 
'be inaccurate; i.e., the middle one of a group of three 
scales may not be exactly half way between the two 
outer scales. 
B. Errors by the calculator. 
•. The scales may be misread and a wrong value used. 
2. Interpolation where the distance between adjacent 
marked points is great may be inaccurate. 
3. The calculator may not place his straight-edge accu- 
rately, though he may intend the correct point. 
Fortunately most of these errors are halved at the point where 
the straight-edge cuts the middle scale of any group. 
Errors due to mistakes in the original field measurements are, 
of course, not eliminated by this method of calculation; and they 
are eliminated by no other method. 
CON'CLU'SION'S. 
The writer believes that the nomographic method of calculat- 
ing thicknesses has advantages of speed over the direct trigo- 
nometric method or the methods of descriptive geometry, where 
the strike and dip of the beds and the length, 'bearing, and inclina- 
tion'of a traverse across them are known. 
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The accuracy of the nomographic method is comparable to the 
accuracy of the direction measurements, forthese can not be made 
closer than about one degree with a hand compass and clinometer. 
Furthermore, the accuracy of the nomographic method is com- 
parable to the accuracy of paced length measurements. Though 
it is not comparable to the accuracy of taped measurements, this 
fact does not militate against he use of this method, as the errors 
due to inaccurate direction measurements are comparatively great. 
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